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Abstract
In electric vehicle technology, battery energy conservation is paramount due to the dependency of all system
operations on the available battery. The proportional, integral and derivative (PID) controller parameters in the electric
power assisted steering system for electric vehicle need to be tuned with the optimal performance setting so that less
current is needed for its operation. This proposed two methods under the umbrella of swarm-intelligence technique
namely particle swarm optimization (PSO) and ant colony optimization (ACO) in order to reduce current consumption
and to improve controller performance. The investigation involves an analysis on the convergence behavior of both
techniques in search for accurate controller parameters. A comprehensive assessment on the assist current supplied to
the assist motor of the system is also presented. Investigation reveals that the proposed controllers, PID-PSO and PID-
ACO are able to reduce the assist current supplied to the assist motor as compared to the conventional PID controller.
This study also demonstrate the feasibility of applying both swarm-intelligence tuning method in terms of reduced
time taken to tune the PID controller as compared to the conventional tuning method. © 1982-2012 IEEE.
Author keywords




Ant colony optimization Artificial intelligence Automobile steering equipment Axles
Controllers Damping Electric batteries Electric control equipment
Electric machine control Electric power system control Electric vehicles
Mathematical models Proportional control systems Secondary batteries Steering
Swarm intelligence Three term control systems Torque Traction motors Tuning
Vehicles
Compendex keywords Ant Colony Optimization (ACO) Comprehensive assessment Controller performance
Electric power steering system Power-assisted steering
Proportional , integral and derivative controllers Roads Swarm intelligence techniques
Engineering main
heading:
Particle swarm optimization (PSO)
◅ Back to results
 Export  Download  Print  E-mail  Save to PDF ⋆ Add to List  ▻More...
View at Publisher
IEEE Transactions on Industrial Electronics
Volume 65, Issue 9, September 2018, Pages 7202-7210











Social Media and Citations
beyond Scopus.
Metrics 
0 Citations in Scopus
0 Field-Weighted
Citation Impact
Cited by 0 documents
Inform me when this document
is cited in Scopus:
 
Related documents
,  , 






(2009) Annual Conference of the
North American Fuzzy






Set citation alert ▻
 ▻Set citation feed
An improved nonlinear fitting
method and its application in
function approximation based on
particle swarm algorithm
 Fei, X. Qiang, L. Bei, J.
Generation of optimal functions
using particle swarm method
over discrete intervals
 Shamieh, F. Xu, C.
Power reduction optimization
with swarm based technique in
electric power assist steering
system





(2017) Lecture Notes in Energy, 35, pp. 9-11.  . 
 
doi: 10.1007/978-3-319-31655-0_2 
Kim, J.-H., Lee, I.-O., Moon, G.-W. 
 
(2017) IEEE Transactions on Industrial Electronics, 64 (4), art. no. 7726043, pp. 2789-2800.  . 
 
doi: 10.1109/TIE.2016.2623261 
Ellingsen, L.A.-W., Singh, B., Strømman, A.H. 
(Open Access)
 
(2016) Environmental Research Letters, 11 (5), art. no. 054010.  . 
 
doi: 10.1088/1748-9326/11/5/054010 
Auger, D.J., Groff, M.F., Mohan, G., Longo, S., Assadian, F. 
 






(2017) Engineering and Technology, 12 (2), pp. 58-61.  . 
 
Li, Y., Shim, T., Wang, D., Offerle, T. 
 






Publisher: Institute of Electrical and Electronics
Engineers Inc.
 ▻View in search results format
     All Export  Print  E-mail  Save to PDF Create bibliography
1






























Find more related documents in
Scopus based on:
View all related documents based
on references
 ▻Authors  ▻Keywords
Wang, Y., Shen, Y., Yuan, X., Yang, Y. 
 
(2015) IEEE Transactions on Power Electronics, 30 (12), art. no. 6990636, pp. 7038-7050.  . 
 
doi: 10.1109/TPEL.2014.2383443 
Toklu, N.E., Gambardella, L.M., Montemanni, R. 
A multiple ant colony system for a vehicle routing problem with time windows and uncertain travel times 
(2014) J. Traffic Logist. Eng, 2 (1), pp. 52-58.  . 
 
Sousa, T., Vale, Z., Carvalho, J.P., Pinto, T., Morais, H. 
 





(2015) IEEE Transactions on Control Systems Technology, 23 (2), art. no. 6834824, pp. 762-769. 
. 
doi: 10.1109/TCST.2014.2325892 
Liu, H., Chen, G., Zong, C. 
 
(2016) SAE Technical Papers 
 
doi: 10.4271/2016-01-1545 
Lee, J.H., Moon, H.T., Yoo, J.Y. 
 
(2012) International Journal of Automotive Technology, 13 (7), pp. 1141-1147.  . 
doi: 10.1007/s12239-012-0117-1 
Lee, G.H., Choi, W.C., Kim, S.I., Kwon, S.O., Hong, J.P. 
 
(2011) International Journal of Automotive Technology, 12 (2), pp. 291-297.  . 
doi: 10.1007/s12239-011-0034-8 
7
Operating point optimization of auxiliary power unit based on dynamic combined cost







A hybrid simulated annealing approach to handle energy resource management























Wang, J., Wang, Q., Jin, L., Song, C. 
 
(2011) Mechatronics, 21 (1), pp. 63-76.  . 
doi: 10.1016/j.mechatronics.2010.08.005 
Christian, B.T., Rohman, A.S., Sasongko, A., Bagaspratomo, L., Agustina, C. 
 
(2015) Proceedings - Joint International Conference on Electric Vehicular Technology and Industrial,




Marouf, A., Djemai, M., Sentouh, C., Pudlo, P. 
 
(2012) IEEE Transactions on Vehicular Technology, 61 (8), art. no. 6247520, pp. 3574-3589.  . 
doi: 10.1109/TVT.2012.2209689 
Hassan, M.K. 
Implementation ofmodel based design approach for enegy efficiency in electric vehicle 
(2013) Local Expert Attachment Program Report, Perusahaan Otomobil Nasional (PROTON), Selangor,
Malaysia 
 
Eberhart, Russell, Kennedy, James 
 
(1995) Proceedings of the International Symposium on Micro Machine and Human Science, pp. 39-
43.  . 
Kennedy, James, Eberhart, Russell 
 
(1995) IEEE International Conference on Neural Networks - Conference Proceedings, 4, pp. 1942-
1948.  . 
Eberhart, R., Simpson, P., Dobbins, R. 
(1996) Computational Intelligence PC Tolos, 464.  . 
New York, NY, USA: Academic 
 
Dorigo, M., Maniezzo, V., Colorni, A. 
Positive feedback as a search strategy 
(1991) Politecnico di Milano, Milan, Italy, Tech. Rep. 91-016.  . 
 
Dorigo, M. 
(1992) Optimization, Learning and Natural Algorithms.  . 
Ph.D. Dissertation , Dipartimento di Elettronica, Politecnico di Milano, Italy 
 
14





The prototype development of electronic control unit for electric power steering
View at Publisher
16


















 1 of 1
Stützle, T., Dorigo, M. 
An experimental study of the simple ant colony optimization algorithm 
(2001) Proc. WSES-Press Int. WSES Int. Conf. Evol. Comput, pp. 253-258.  . 
 
Dorigo, M., Maniezzo, V., Colorni, A. 
 
(1996) IEEE Transactions on Systems, Man, and Cybernetics, Part B: Cybernetics, 26 (1), pp. 29-41. 
. 
doi: 10.1109/3477.484436 
Dorigo, M., Stützle, T. 
Ant colony optimization: Overview and recent advances 
(2010) Handbook of Metaheuristics, p. 227.  . 
M. Gendreau and J.-Y. Potvin, Eds. New York, NY, USA: Springer 
 
 Toha, S.F.; Department of Mechatronics, Faculty of Engineering, International Islamic University Malaysia (IIUM),
Kuala Lumpur, Malaysia; email:   




























Copyright © 2018 . All rights reserved. Scopus® is a registered trademark of
Elsevier B.V. 
Cookies are set by this site. To decline them or learn more, visit our .
Terms and conditions Privacy policy
Elsevier B.V
Cookies page
